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DAM  SAFETY  PROGRAM 

Atwood  Lake  Dam 
M i ssou  r i 
■Tefferson 

Tributary  of  Sandy  Creek 
8  October  1980 


The  Atwood  Lake  Dam  was  visually  inspected  by  engineering  personnel  of 
Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis,  Missouri.  The 
purpose  of  this  inspection  was  to  assess  the  general  condition  of  the  dam  with 
respect  to  safety  and,  based  upon  this  inspection  and  available  data, 
determine  if  the  dam  poses  a  hazard  to  human  life  or  property. 

The  following  summarizes  the  findings  of  the  visual  inspection  and  the 
results  of  certain  hydrologic/hydraulic  investigations  performed  under  the 
direction  of  the  inspection  team.  Based  on  the  visual  inspection  and  the 
results  of  these  hydrologic/hydraulic  investigations,  *he  present  general 
condition  of  the  dam  is  considered  to  be  satisfactory.  However,  severa'',  items 
were  noticed  during  the  inspection  v/hich  are  considered  to  have  an  adverse 
effect  on  the  overall  safety  and  future  operation  of  the  dam.  These  'terns 
include  erosion  of  the  upstream  face  of  Mii:  emhankmf'nt ,  trees  and  are.rs  of 
dense  undergrowth  on  the  downstream  face  of  the  embankment,  and  erosion  of  the 
emergency  spillway  outlet  channel.  Anim.nl  burrows  were  not  observed  during 
the  inspection,  but  their  presence  w,as  indicated  by  Mr.  LaPlant,  the  camp 
caretaker. 

According  to  the  criteria  set  forth  in  the  recommended  guidelines,  the 
magnitude  of  the  spillway  design  flood  for  the  Atwond  Lake  Dam,  which  is 
classified  as  small  in  size  and  of  high  hazard  potential,  is  specified  to  be  a 
minimum  of  one-half  the  Proh.ahle  Maximiin  Flood  (IW).  Considering  the  fact 
that  a  relatively  small  volume  nf  water  is  impounded  by  the  dam,  that  the 


flood  plain  downstrean-  of  the  dam  is  fairly  broad,  and  rhal:  there  are  hnt 
three  dwellings  within  the  estimalar!  flood  damar)!-  .-on'',  it  ia  rnco!n'ii''nil“d  tiiat 
the  spillways  for  this  dam  be  desiqnod  for  oiy-hri’f  the  PMf.  the  Probable 
Maximum  Flood  (PMF)  is  the  flood  that  may  be  exfxected  f rorn  the  most  severe 
combination  of  critical  mcteorologic  and  bydrolonir-  raoditions  that  an,' 
reasonably  possible  in  the  region. 

Results  of  a  hydrologic/hydraulic  analysis  indiratod  the  spillways, 
principal  plus  emergency,  are  inadequate  to  safely  pass  lake  outflow  resulting 
from  a  storm  of  one-half  PMF  magnitude  without  significant  degradation  by 
erosion  of  the  emergency  spillway  crest.  The  spillways  are  capable  of  passing 
lake  outflow  resulting  from  the  one  percent  chance  (100-year  frequency)  flood 
and  the  outflow  corresponding  to  about  42  percent  of  the  PMF.  According  to 
the  St.  Louis  District,  Corps  of  Engineers,  the  length  of  the  downstream 
damage  zone,  should  failure  of  the  dam  occur,  is  estimated  to  be  one  mile. 
Within  the  potential  flood  damage  zone  are  three  dwellings  and  a  farm 
building. 

A  review  of  available  data  did  not  disclose  that  seepage  or  stability 
analyses  of  the  dam  were  performed.  This  is  cons  id?; red  a  deficiency  and 
should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  nect'ss.ary  aid:  ion  in  the  near 
future  to  correct  or  control  the  deficiencies  and  safety  defects  reported 
herein.  Restoration  and  protection  of  the  upstream  face  nf  the  dam  should  he 
assigned  a  high  priority. 


Harold  R.  Lockett 
P.  F.  Missouri  E-4189 
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1  TNSPi-:cT:nN  RPmf^r 


NAT  IONA!.  HAM  SAFL'TY  PWiTf'.^AM 
ATWIIOD  I.AKl  dam  -  MD  ?] 

SfZDTlON  I  -  t-RO-TFCT  [(FORMAT  ION 


1.1  GENERAL 

a.  Authori  ty  .  Tti''  Na' iunal  Dam  Iiisp'-'-t  ;ou  ('libli',-  i.a.v  o-o  .-ij 

8  August  1972,  authoriroil  tho  Oocr'Airy  nt'  tiii-  Aimy,  t  hr.uuij'-!  th'’- 
Engineers,  to  initiate  a  program  of  safety  ’nsn-'-tion  of  darns  ‘P' rougheuf 
United  States.  P.jrsuant  tn  iP'O  aPove.  thf^  S(  .  i.uuis  Oi‘',t;'iet,  i.u';:',  o'^ 
Engineers,  directed  that  o  S  iF-oty  inrp-etion  iif  the  A!  v;nod  i  oLf  Gam  '-lo 

b.  Purpose  of  Inspect '('o.  thr.  pijrp-se  of  thi5'.  vis'ja'  Inspron^-. i  ■■o  v/a-.  'i' 
(Ttake  an  assessment  of  t(ie  nr'neril  cooilitinn  of  the  iam  vrith  re'^o^cf:  t5  sat'-oiv 
and,  based  upon  available  data  and  tfiis  inspection,  determine  if  the  ri  iin  puse'- 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  Th}--  I'.'valuation  v/as  performed  in  accordance 
with  the  "Phase  I"  investigation  procetiures  as  ')resc’'ibed  in  the  "Recammen  Jed 
Guidelines  for  Safety  Inspei:tion  of  Dams",  Appendix  D  to  "Report  to  the  Chief 
of  Engineers  on  the  National  Program  of  Inspection  inf  Non-Federal  Dams",  datud 
May  1975. 

1.2  DESCRIP  I  ION  QF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  The  Atwood  Lake  Dam  is  ari 
earthfill  type  embankment  rising  approximately  27  feet  atxrve  thf‘  natural 
streambed  at  tire  downstream  toe  of  the  harT-ier.  Ttie  upsti'i^am  sid'-'  of  the 
embankment,  according  to  information  shown  no  tiie  dam  cons  roc  turn  drawings, 
is  indicated  to  have  a  slope  of  1v  on  2.5h:  however,  hecausi;  of  ""osion,  the 
slope  has  become  considerably  steeper  above  tlac  normal  waterline  a'^njos  mo'.t 
of  the  dam.  The  downstream  siiie  of  the  dam  is  snmpwtiat  irrennlir  witli  a  slope’ 
of  approximately  Iv  on  2.2h  near  the  top  of  the  structure,  hut  becoming 
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flatter,  about  Iv  on  2.9h,  near  the  bar.e  of  the  harri.  The  wihtli  of  the  i.rest 
is  approximately  12  feet  anii  the?  dam  is  about  fr?'?t  long.  A  plan  arvi 
profile  of  the  dam  is  shown  on  Plate  a  croi'.s-sectinri  of  the  dam  is  shown  on 
Plate  4,  and  an  overview  photograph  of  the  dam  is  shown  following  the  pr-eface 
at  the  front  of  the  report.  At  tx)rmal  pool  elevation,  the  reservoir  impounded 
by  the  dam  occupies  approximately  7  acres. 

The  dam  has  both  a  principal  and  an  emergeticy  spillway.  The  principal 
spillway,  a  A-foot  square  reinforced  concrete  drop  inlet  structure  with  a 
concrete  back  wall  that  serves  to  protect  the  dam  and  a  4R-inch  diameter  pipe 
outlet  that  passes  through  the  dam,  is  located  at  tlie  right,  or  souttg  end  of 
the  dam.  The  drop  inlet  structure  is  about  3.9  feet  deep.  A  6-inch  valve 
located  in  the  bottom  of  the  structure  is  provided  to  allow  partial  lake 
drawdown.  The  outlet  channel  for  the  principal  spillway  follows  a  course 
along  the  hillside  of  the  right  abutment  for  about  63  fi?''t  before  droppirin 
abruptly  at  a  sandstone  outcropping  to  the  original  stream  channel  downstream 
of  the  dam.  A  profile  of  the  principal  spillway  outlet  is  shown  on  '^late  4. 

The  emergency  spillway  is  located  at  the  left,  or  north,  abutment.  The 
spillway  outlet  charnel,  an  excavated  earthen  trapezoidal  section,  is  cut  into 
the  hillside  at  the  end  of  the  dam.  An  earthen  bank  that  serves  to  confine 
flow  to  the  channel  and  protect  the  dam  is  constructed  on  the  right  side  of 
the  channel.  The  bank  extends  to  a  point  approximately  60  feet  downstream  of 
the  center  of  the  dam.  Just  beyond  the  end  of  the  bank,  the  outlet  channel 
bends  to  the  south  and  flows  along  a  course  that  closely  parallels  the  darn. 

The  spillway  outlet  channel  appears  to  join  the  original  stream  channel  at  a 
point  about  40  feet  downstream  of  the  dam.  A  profile  of  the  emergency 
spillway  crest  section  and  a  cross-section  of  the  spillway  at  the  centerline 
of  the  dam,  are  shown  on  Plate  s. 

b.  Location.  The  dam  is  located  on  an  unnamed  tributary  of  Sandy  Creek 
about  0.6  mile  northwest  of  the  intersection  of  Sandy  Road  and  the  entrance 
road  to  Camp  Cedar  Ledge;  and  about  3.5  miles  northensi:  of  the  communily  of 
Pevely,  Missouri,  as  shown  on  the  Regional  Vicinity  Map,  Plate  1.  Th”  riam  is 
located  within  U.  S.  Survey  437,  approximately  1,100  f.;pf  noi itlieast  and  7''0 
feet  northeast  of  the  northwest  corner  of  Surv'?y  437,  in  Township  41  North, 
Range  5  East,  in  Jefferson  County. 
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c.  Size  Classification.  The  size  classification  based  on  the  height  of 
the  dam  and  storage  capacity,  is  categorized  as  small  (per  Table  I, 

Recommended  Guidelines  for  Safety  Inspect ino  of  namsi . 

d.  Hazard  Classification.  The  Atwood  Lake  Ham,  according  to  the  St. 
Louis  District,  Corps  of  Engin(>crs,  has  a  higi)  hazani  potential,  meaning  that 
if  the  dam  should  fail,  there  may  he  loss  of  life,  serious  damage  to  liomes,  or 
extensive  damage  to  agricultural,  industrial  and  commercial  facilities, 
important  public  utilities,  main  highways,  or  railroads.  The  estimated  fined 
damage  zone,  should  failure  of  tlie  dam  occur,  as  det'ormined  by  the  St.  Louis 
District,  extends  one  mile  downstream  of  the  dam.  Within  the  possible  dama(je 
zone  are  three  dwellings  and  a  farm  building.  Those  features  lying  within  the 
downstream  damage  zone  as  re(xarted  by  the  St.  Lauis  District,  Corps  of 
Engineers,  were  verified  hy  the  inspection  team. 

e.  Ownership.  The  lake  and  dam  are  owned  by  the  Girl  Scout  Council  of 
Greater  St.  Louis.  The  main  office  of  the  Girl  Scout  organization  is  located 
at  915  Olive  Street,  St.  Louis,  Missouri,  GiiOl.  Mr.  Gary  Winzenburger, 
Property  Manager,  is  the  Owner’s  representative. 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  recreational  use  by  the 
Girl  Scout  organization. 

g.  Design  and  Construction  History.  According  to  Ms.  Amanda  Schiueter, 
the  original  dam,  a  structure  approximately  17  feet  high,  was  built  hy  her 
father,  Henry  Schiueter,  sometinK'  arnund  Idss.  Ms.  Schiueter  reported  that 
her  father  was  a  farmer  by  occupation  .and  con<‘.truct(’d  the  dam  during  his  spare 
time.  In  1969,  following  acquisition  of  the  property  !iy  the  Girl  Scout 
Council  of  Greater  St.  Louis,  based  nn  plans  pre['i  ii'-'d  jointly  by  Ikaitz  \  Jons, 
Consuting  Engineers,  St.  Louis,  Missouri,  and  i.l.  'rl.  Department  of  Agriculture, 
Soil  Conservation  Service,  the  dam  was  raised  approximately  K)  feet  and  new 
spillways  were  provided.  Construction  plarr'.  bearinn  tln'  Reitz  Jens  title 
block  for  these  dam  improvements,  reference  PLites  e  through  P.  are  ineluil'.-d 
tierein.  The  contractor  that  pierforrm^'d  the  wvark  indicated  nn  tlm  plans  cn\ild 
not  be  determined.  Since  improving  the  dam  in  |oc,9,  ttiere  have  been  no 
subsequent  changes  or  additions  to  the  structure. 
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h.  Normal  Operatioml  r'lncociun*.  The  l.ikr  li'v:'!  i .  Lake 
outflow  is  governed  by  the  rnmliined  rapacitii“',  nt'  a  d'',)])  inlet  tyrie  i)ri nei rial 
spillway  and  an  excavated  earth  type  i'iii.T-geney  '.piliway. 

1.3  PERTINENT  DATA 

a.  Drairuage  Area.  Except  for  some  pasture  land  in  ttre  I'.outher' i  [lart.  nf 
the  watershed,  the  area  tributary  to  tlie  lake  is  for  the  most  part  in  a  na*  ive 
state  covered  with  timher.  The  waterstied  atiove  ttie  dam  amounts  to 
approximately  93  acres.  The  watershed  area  is  outlined  on  Plate  ?. 

b.  Discharge  at  Damsite. 

1.  Estimated  known  maximum  flood  at  damsite  ...  10  cfs»  (W.S.  Elev.  A7S.  5) 

2.  Spillway  capacity 

a.  Principal  ...  106  cfs  (W.S.  Elev.  <i76.8) 

b.  Principal  +  emergency  ...  A03  cfs  (W.S.  Elev.  A78.8) 

c.  Elevation  (Ft.  above  MSL).  The  following  elevations  were  determined 
by  survey  and  are  based  on  topographic  data  showfi  on  ttis  1954  U.S.G.S. 

Herculaneum,  Missouri,  Quadrangle  Map,  7.5  Minute  Series,  photorevised  1968 
and  1974. 

1.  Observed  pool  ...  474.6 

2.  Norma]  pool  ...  475. D 

3.  Spillway  crest 

a.  Principal  ...  475.0 

b.  Emergency  ...  476.8 

4.  Maximum  experienced  pool  ...  475.5* 

5.  Top  of  dam  ...  479.8  (Min.) 

6.  Effective  top  of  dam  .  .  .  478.8** 

♦Based  on  an  estimate  of  lake  level  as  observed  by  Mr.  dames  E.  LaPlant,  Camp 
Ranger. 

••Elevation  at  which  lake  outflow  within  emergency  spillway  exceeds  permissible 
velocity . 
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7.  Streambed  at  centerline  of  dam  ...  (Er,t.) 

8.  Maximum  tailwater  ...  Unknown 

9.  Observed  tailwater  ...  None 

d.  Reservoir. 


1.  Length  at  normal  pool  (Elev.  475.0)  ...  1,050  ft. 

2.  Length  of  pool  at  top  of  dam  (Elev.  479.8)  ...  1,200  ft. 

e.  Storage. 

1.  Normal  pool  ...  45  ac.  ft. 

2.  Top  of  dam  (incremental)  ...  57  ac.  ft. 

f.  Reservoir  Surface. 

1 .  Normal  pool  ...  7  acres 

2.  Top  of  dam  (incremental)  ...  2  acres 

g.  Dam.  The  height  of  the  dam  is  defined  to  be  the  overall  vertical 
distance  from  the  lowest  point  of  foundation  surface  at  the  downstream  toe  of 
the  barrier,  to  the  top  of  the  dam. 

1 .  Type  . . .  Earthfill 

2.  Length  ...  473  ft. 

3.  Height  ...  27  ft. 

4.  Top  width  ...  12  ft. 

5.  Side  slopes 

a.  Upstream  ...  Iv  on  1.5h  (above  waterline,  eroded) 

b.  Downstream  ...  Iv  on  2.2h  to  Iv  on  2.9h 

6.  Cutoff  ...  Core  trench* 

7.  Slope  protection 

a.  Upstream  ...  Grass 

b.  Downstream  ...  Grass 

♦Per  construction  drawings  by  Reitz  ^  Jens,  Consulting  Engineers,  May  19,  1979. 
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h.  Principal  Spillway. 


1. 

Type  ... 

Uncontrolled,  drop  i'll'  i,  4-1 

''li.  conrr^^to 

r  i  se  r 

2. 

Location 

...  ‘light  .-nd  rr*'  dam 

3. 

Top  . . . 

Elevation  A'h.n 

4. 

Bottom  . 

..  Elevation  ■'i».',.l 

5. 

Outlet  . 

..  4R-inrh.  di  riv'ter  I'orrun  it.e-, ' 

!  l^nqth 

47  feet 

i .  Emergence/  Sn  i  1  Iway . 

1.  Type  ...  l^cnntrnllerl,  excavated  eartli,  trapezoidal  section 

2.  Location  ...  Left  .ahutfnent 

3.  Crest  ...  Elevation 

4.  Approach  channel  ...  Lake 

5.  Outlet  channel  ...  V-section  earth 

j .  Lake  Drawdown  F'ac  i ]_i  ty  ( Pa  !.  i  . 

1.  Type  ...  /^'-Incl'i  rast-irnn  pipe* 

2.  Control  ...  f;.-', i-  valve 

3.  Location  ...  hron  inlth 
A.  Disciiariie  ...  flevatinn 


•Per  construction  drawing*,  f'y  Peitz  ^  .Tens,  Consulting  Engineers,  May  19,  1969, 


1-6 


SECTION  ?  -  ENGINElRIMC  DATA 


2.1  DESIGN 

As  previously  stated,  the  original  dam,  a  structure  approximately  17  feet 
high  impounding  a  lake  of  about  3  acres,  was  raised  approximately  10  feet  in 
1969.  No  design  information  relative  to  the  original  dam,  which  was 
constructed  sometime  around  1935  by  Henry  Schlueter  (deceased),  a  local 
farmer,  is  known  to  exist.  Plans  for  raising  the  dam,  reference  Plates  6,  7 
and  8,  are  included  herein.  With  the  exception  of  the  data  shown  on  the  plans 
and  some  information  obtained  from  one  of  the  designers,  Fred  E.  Palmerton, 
formerly  with  Reitz  &  Jens  and  now  employed  by  Anderson  Engineering,  Inc,  of 
Springfield,  Missouri,  no  record  of  the  design  work  is  known  to  exist. 
According  to  Reitz  &  Jens,  with  the  exception  of  these  drawings,  the  file 
containing  all  correspondence,  specifications,  calculations,  and  other  records 
was  recently  disposed  of  during  relocation  of  their  office. 

According  to  John  J.  Bailey,  Vice  President,  Peitz  Jens,  a  design  for 
improving  the  dam  was  prepared  by  Soil  Conservation  Service  (SCSI  and,  at:  the 
request  of  the  Girl  Scouts,  Reitz  Si  Jens,  was  invited  to  review  ttie  SCS 
design.  Investigations  by  Mr.  Palmerton  indicated  that  a  larger  principal 
spillway  than  that  recommended  by  SCS  would  require  less  frequent  use  of  the 
emergency  spillway  outlet.  The  Girl  Scouts  accepted  the  Reitz  &  Jens  design 
changes  and  the  necessary  construction  plans  for  implementing  the  design  were 
prepared.  According  to  Mr.  Bailey,  the  information  shown  on  Sheet  1  of  the 
plans  was  in  part  done  by  SCS,  with  all  the  detail  shown  with  lower  case 
lettering  by  SCS,  and  the  detail  shown  with  uppe’'  case  lettering  by  Reitz  St 
Jens.  Since  the  embankment  and  the  emergency  spillway  section  is  done  in 
lower  case  lettering,  it  is  presumed  to  have  been  specified  by  SCS.  According 
to  Richard  E,  McMillen,  SCS  District  Conservationist,  St.  Louis  County 
(Jefferson  County  does  not  have  an  SCS  office,  and  the  work  done  there  is 
handled  by  the  St.  Louis  County  office),  there  are  no  records  of  this  design 
in  their  files. 

Mr.  Palmerton  reported  that  the  100-year  frequency  flood  was  the  basis  of 
the  Reitz  &  Jens'  design  for  the  principal  spillway,  anri  that  1.5  nr  2.0  feet 
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of  freeboard  was  provided  between  the  IDO-year  design  lake  level  and  the  crest 
of  the  emergency  spillway.  However,  Mr.  Palmerton  could  not  recall  the 
criteria  used  for  determining  nr  checking  the  proportions  of  the  emergency 
spillway  or  the  top  of  dam  elevation.  Mr.  Palmerton  indicated  that  he  is  of 
the  opinion  that,  with  the  exception  of  revising  the  principal  spillway,  the 
remainder  of  the  design,  including  the  pmbankme>nt  n-gui rements,  was  designated 
by  SCS. 

2.2  CONSTRUCTION 

As  previously  indicated,  the  original  dam  was  constructed  about  IR'i'i  by 
Henry  Schlueter,  a  local  farmer.  According  to  Ms.  Amanda  Schlueter,  her 
father  hand  excavated  a  seepage  cutoff  trencii  approximately  18  inches  wide  to 
rock  along  the  longitudinal  axis  of  the  dam  and  tticn  filled  the  section  with 
concrete,  Ms.  Schlueter  also  indicated  ttiat  the  embankment  material  used  in 
the  dam  was  placed  using  a  mule  drawn  scraper.  In  1969,  in  accordance  with 
the  details  shown  on  the  plans  prepared  by  Reitz  &  Jens,  the  dam  was  raised 
approximately  10  feet.  The  contractor  that  performed  the  work  indicated  on 
the  plans  could  not  be  determined.  According  to  Mr.  Palmerton,  to  the  best  of 
his  knowledge,  inspection  of  construction  activities  were  handled  by  SCS. 

2.3  OPERATION 

The  lake  level  is  uncontrolled  and  governed  by  the  elevation  of  the  top  of 
the  drop  inlet  type  spillway  as  well  as  the  crest  of  the  emergency  spillway. 

No  indication  was  found  during  the  inspection  that  the  dam  has  been 
overtopped.  James  LaPlant,  Ranger  and  camp  caretaker,  reported  that  thF.'  dam 
has  never  been  overtopped,  and  that  the  highest  observed  lake  level  was  only 
about  0.3  foot  above  the  drop  inlet. 

Mr.  McMillen,  SCS  Oistrict  Conservationist,  recalled  inspecting  the  dam 
several  years  ago,  and  that  the  only  problem  hr;  observed  at  that  time  was  the 
rather  extensive  erosion  damage  of  tlie  upstream  face  of  the  embankment. 


2.k  EVALUATION 


a.  Aval  lability .  Seepagt?  and  stability  analysis  for  assessing  tlie 
design  of  the  dam  were  unavailable.  Recorded  data  available  is  limited  to 
information  shown  on  the  construction  plans  prepared  hy  Reitz  ^  Jens,  Inc.,  in 
1969. 

b.  Adequacy .  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency.  These  seepage  and 
stability  analyses  should  be  performed  for  appropriate  loading  conditions 
(including  earthquake  loads)  and  made  a  matter  of  record.  The  information 
shown  on  the  logs  of  the  test  borings  may  have  to  be  supplemented  by 
additional  borings  to  obtain  undisturbed  samples  of  foundation  materials  for 
determination  of  necessary  shear  strengths  to  be  utilized  in  the  stability 
analyses. 

According  to  hydrologic/hydrauHc  investigations  performed  under  the 
direction  of  the  inspection  team,  the  spillways  are  capable  of  passing  lake 
outflow  corresponding  to  about  60  percent  of  the  probable  maximum  flood 
inflow.  Since  spillway  capacity  exceeds  the  recommended  spillway  design 
flood,  i.e.  one-half  the  probable  maximum  flood,  no  further  hydrologic/ 
hydraulic  investigations  are  considered  necessary. 
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SECT  ION 


vTsuAi  INSPECT  rnti 


3.1  FINDINGS 

a.  General .  A  visual  inspect'nn  of  Ine  /U:v/0'i,l  i.,rk'>  Dam  was  marl''  Ir/ 
Horner  i  Shifrin  engineering  pe:'snnnel,  R.  F.  S  iul.hnft,  Civil  Enriinee'', 

H.  B.  Lockett,  Hyrirolog  i  st ,  and  A.  R.  Oenknr,  1r.,  Civil  and  Soils  rnr]'neer, 
on  8  October  1980.  An  examination  of  tiae  dam  area  was  also  made  by  an 
engineering  geologist,  Oerry  D.  Higgins,  Pb.D.,  a  consultant  retairvod  by 
Horner  Shifrin  for  the  purpose  of  assessing  the  si'e  genlogy.  Also  examined 
at  the  time  of  the  inspection  were  the  areas  and  features  below  the  dam  within 
the  potential  flood  damage  zone.  Photographs  of  the  dam  taken  at  the  time  of 
the  inspection  are  included  on  pages  A-1  ttirough  A-'i  of  Appendix  A.  The 
locations  of  the  photographs  taken  during  the  inspection  are  indicated  on 
Plate  3. 


b.  Site  Geology.  Atwood  Lake  is  located  in  a  steep-walled  valley  on  tlie 
north  side  of  Sand  Ridge,  and  is  a  tributary  to  Sandy  Creek.  The  topography 
around  the  lake  site  is  moderately  rugged  with  low  cliffs  forming  some  valley 
walls.  Relief  between  the  valley  floor  and  s(jr’'nun'uig  drainage  divides 
ranges  up  to  a  maximum  of  approximately  ?pg  feet.  The  area  is  Inc'uded  within 
the  northeastern  part  of  tiie  Ozark  Plateaus  POy  ri n,g rap  i i c  P'^ovince,  and  the 
regional  dip  of  the  bedrock  is  to  ttie  northeo'd  . 

The  bedrock  at  the  site  consists  of  Ordovician-age  sandstones  and 
dolomites  of  the  St.  Peter  and  Jnact-iim  formations.  The  lake  is  loc'ated  on  the 
St.  Peter  sandstone  with  the  doachim  dninmite  expns-'d  aiiproxTmately  71  feet 
above  the  crest  of  the  dam.  The  St.  Peter  formation  is  exposed  in  a  steep 
bluff  which  forms  the  south  shore  of  the  lake,  rio  faultinci  was  observed  in 
the  immediate  vicinity  of  the  lake. 

The  St.  Peter  formation  is  a  white,  fine-  to  medium-grained,  pure  guartz 
sandstone.  It  generally  is  massively  bedded  and,  a’ttinugh  loosely  cementer), 
exposed  rock  surfaces  usually  are  I'ase -hardened  by  weathering  processes.  The 
sandstones  are  permeable  and  will  t.^anrimit  water  readily.  Reservoir  leakage 
is  a  common  problem  if  a  sufficient  soil  cover  is  nut  left  nn  the  reservoir 
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floor.  The  Joachim  formation  composed  primarily  of  a  yellowish-brown, 
argillaceous  dolomite.  Interhcdilpd  limestone  and  shale  are  presi'nt;  in  the 
lower  part  of  the  formatiof'i.  The  dolomites  are  extensively  jointed  and  have 
undergone  considerable  snlutinn  weatherinq,  eausinii  ttie  permeahility  of  the 
bedrock  to  be  high.  Sinkholes,  caves,  ami  springs  are  common  in  this 
formation,  although  none  were  observed  at  the  lake  site. 

The  soils  at  the  site  are  of  two  types.  Slopi''s  above  tlie  reservoir  are 
covered  with  a  thin,  stony  r''sii!oal  soil  (TL,  Unifo'd  So’l  Classi  f  hrit  ion 
System)  derived  from  weathering  of  the  dnlomit'-'  hedroek.  The  soi  !  arouriri  tiie 
shorelifie  consists  of  a  mixture  of  -'.amly  ri'sidoum  f’-nm  ttae  St.  Peter  san:1‘;tnne 
and  colluvium  from  the  slopes.  T!ie  reso'l-ini)  soi’  is  a  '-.aiviv,  stony 

clay  (ML-CL  range).  The  lake  is  located  on  pi  rfu'ahln  nelrock;  iiowev'cr. 
leakage  reportedly  is  not  a  prrVolem.  The  '-.oi  ' in  mh,  .ippear  In  Ir;  tr’i'miMhl'' 
and  are  of  sufficient  thic:kness  to  r-d.ard  miv  -.in'oi  of  water  to  li'dror'k. 
However,  these  soils  ar'-’  susi'opt  ilal-'  to  er'i>'.ion. 

The  most  significant  geologic  conditions  d  the  site  are  the  peraiejihle 
bedrock  forming  the  valley  floor  and  foe  eroiiihility  of  the  soils.  The  soil 
deposits  appear  to  be  si.jfflciently  thick  enooi^h  to  prohibit  excessive  water 
loss  from  the  lake.  No  other  geologic  conditinos  observed  that  would 

adversely  affect  the  performance  or  stability  if  th.-'  dam  emiiankment. 

c.  0am.  The  visible  po?'tions  of  t.oe  upstn'am  and  downstream  faces  as 
well  as  the  dam  crest  (see  Photo  1,  and  T)  were  examined  and  found  to  he  in 
sound  condition,  although  erosion  tiiat  appear’d  t(i  he  due  to  wave  aolion 
and/or  fluctuations  of  tlie  lake  level  had  created  a  steen,  and  in  '-.ome  p.aces 
a  near  vertical  bank  about  TO  inches  fiigh  alnnci  almost  tfie  entire  iinprot'’cte.i 
(no  riprap)  upstream  face  of  Ltie  dam.  Slnorihiiin  of  tr\e  slojir'  extemlirtg  from 
the  waterline  to  the  dam  crest  (see  Photo  in)  was  observed  in  the  vi'iinity  nf 
station  0+10+.  Some  minor  surface  cracking,  aimut  s  inches  dee(i  and  op  tn  6 
inches  in  lenqtli,  was  also  noticed  along  I  he  i  ip'd  r-’am  f  hs’  ivar  ttii'  top  of  the 
slope.  Patches  of  i.iense  undergtnwth  and  several  small  trees  (see  Photo  1 1 1 
were  found  throughout  the  entire  downstream  fact'  of  tiie  dam,  and  although  it 
was  later  reported  by  Mr.  l.aPlant,  Pimp  Hanger^  that  ■u’ve;-.il  grnondhnri  disis 
existed  in  tlie  downstream  s'dc  of  tlie  dam,  on  animi'  lio'  iows  were  rnu!)i  ilu:  inoj 
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the  inspection.  It  is  vei'y  likely  thnt  the  liiM-ise  i inrlernrowf !i  on  the 
downstream  face  of  the  dam  pr‘:>vpnte;:  notice  if  t  h-'r'.'''  burrows.  Mo  undue 
settlement  of  the  dam  crest,  slomiliini)  of  the  ciowird  re. im  or  ens'ein  of 

the  embankment  at  the  ahutments  was  noted.  ■  "d  . if- i : no  vrotc'-  was  rror  'cr-j 
within  the  oriqinal  stream  chario^l  Jiist  do, I  ■  •>.•10  o'  -J-,,'  pr  i :  i,- i ;  1 1  ’  oi'lwov 
outlet;  however,  it  could  n..,it  he  det.'rniiiT  i  i‘  M  u,..'.;;!.  f;-  ■’  t.lr; 

lake  or  ground  water  exiting  the  liillside  of  the  "Mou  oiutrient;  in  or,.' 
event,  the  quantity  was  minor  and  not  cons  M  •>d  '  n  ;  ■,  i  nii  i  roronr-' . 

grass  on  the  dam  crest,  a  comhinatinn  nf  cniv':'  .on  !  ,  tro  !  r.r-r^:!*!  'i.  r-n 

mowed;  elsewhere,  the  grass,  a  cnmtunatinn  of  lesiic. '■oso .  n.itive  o'  iS'.i.'s,  .n  ! 
weeds,  was  on  the  order  of  r  feet  tiigh.  I  \  :mi not  Mm  of  0  snii  sainp',-'  o(it  o'oed 
from  the  downstream  side  of  the  emhankment  ne.ar  tin'  cenli'r  o*'  tlv'  dam, 
indicated  the  surficial  material  nf  the  dam  In  tm  a  nnid i sb-hrnwn  lean  ci iv 
(CL)  of  medium  plasticity. 

The  drop  inlet  spillway  structure  (see  I’hoto  /i)  was  I'xamined  and  found  t  t 
be  in  satisfactory  condition.  No  cracking  or  signi  f i I'ant  di’teri.oration  of  the 
concrete  structure  was  noticed.  Except  for  a  light  mating  of  rust  'in  th‘--> 
surface,  the  steel  reinforcing  bar  type  trash  i-acL  on  the  top  of  the  ioM't, 
appeared  to  be  in  reasonably  good  condition.  As  far  as  could  he  det'.’rminf’oj, 
the  lake  drawdown  pipe  cast-iron  gafo'  valve  (''.ec  Photo  .olso  appea-ed  ti'i  Imo 
in  satisfactory  condition,  althougti  it  was  not  ooi'rateij  to  check  its 
capability.  The  A8-inch  corrugated  metoil  pipe  I'oat  serves  .is  an  nutlet  f;.v 
the  drop  inlet,  including  the  eoncre!-'  hi'adw.il  I  0!  rueturi'  at  the  1nwrv't"eim 
end  of  the  pipe  (see  Photo  ‘^‘>1,  was  insfvcted  ,ind  no  s i (vd  f i cant  did  o;  ‘  s  w  're 
noticed,  although  siame  drainaue  was  t  i-ajiped  wi'iiiii  Um  pipe.  Ai'eivrlini  In 
survey  data  obtained  during  the  in.spe'tinn,  tb.'  ee.a'd'Mn;  ..d'  tin'  .sbanne'  list 
downstream  of  the  pipe  was  .ibout  n.>>  foot  Itiglr':'  th.an  '■i-'  ena  of  [he  pip: 
which  would  account  for  the  st.indinri  wat-'r  within  tlic  r'ipo.  A 1  f.o  ,r'.  con'd 
be  determined,  the  bituminous  coatim;  on  the  int''rior  of  ttie  pip'’  anpeared  to 
be  intact.  The  mtlet  ch.annel  just  downstream  of  ftie  pipe  (v.ee  Plrito  A')  w,is 
inspected  and  found  to  he  in  good  condition  with  nn  indication  of  significant 
erosion  of  the  earth  and  sandslnne  invert. 

The  emergency  spillway  (see  Ptuito  7)  and  outli’t  ctiannel  (see  Ptioto  81  were 
inspected  and  found  to  he  in  satisfactory  condition,  although  ernsinn  h.id 


created  a  gulley  approximately  feet  wide  and  f-'id:  det'ii  within  tlvi  channel 
beginning  at  a  point  about  15  feet  downstream  of  tin;  spillway  crc'st.  Sinci  it 
was  reported  that  the  lake  Iras  not  overflowed  tiic  emi’-  lenry  spiillway  cre-.t, 
the  erosion  was  apparently  due  to  overland  ilrainage.  togs  tiaii  betn  placed  in 
the  gulley  (see  Photo  12)  in  order  to  prevent  further  erosion.  It  did  not 
appear  that  the  eroded  area  was  near  enough  to  the  dam  at  this  time  to  affect 
the  stability  of  the  slope. 

d.  Appurtenant  Structures.  No  appurtenant  structures  were  observed  at 
this  dam  site. 

e.  Downstream  Channel.  Except  for  the  culvert  crossing  at  Sandy  Road, 
the  channel  downstream  of  the  dam  within  the  potential  flood  damage  .'^one  is 
unimproved.  The  channel  section  is  irregular  and  for  boo  m.:if,t  par-t,  lined 
with  trees.  A  small  nearly  dried  up  lake,  Cedar  Lak>>  as  iden!" '‘•’ioc  on  the 
Watershed  Map,  Plate  ?,  lies  along  the  cou’'se  of  the  niianne-  ipnroxfm a'  My 
2,000  feet  downstream  of  tlie  dam.  The  strc'ai;'.  Join',  C.c'ov  rt  -ek  nSv;  il;  'rie  mile 
downstream  of  the  impaundment . 

f.  Reservoi  r.  Except  for  a  narmw,  pr.\ss-;;ov:  ■  ‘  arec  e,-i  l  -e'  :  ,o  ,  i  !e 

of  the  lake  where  a  roadway  that  st^rv'-s  to  ai'ce-,:'.  H'-  ’.'t-o  aivl  dam  is  Ismaied, 
the  hillsides  contingent  to  the  reservoir  ar-'  iriv''r'’‘d  with  trio,;;.  No 
significant  erosion  of  ttie  lake  hanks  was  nhse’vod.  A':  1  he-  '■ime  of  tht' 
inspection,  the  lake  was  about  n.A  font  below  mo-mal  pool  level  and  the  water 
within  the  reservoir  was  clear.  The  amnont  of  -wsiiment  within  the  lalc'  coolii 

not  be  determined  at  the  time  of  the  inspection;  however,  due  to  the 

vegetation  covering  the  surrounding  area  and  the  fact  that  the  genera!  area 

adjacent  to  the  lake  appeared  to  be  well  maintained,  it  Is  not  expected  to  be 

signi ficant . 

3.2  EVALUATION 

The  deficiencies  ohsc’rved  during  the  inspection  and  nnteci  hen'ein  ar','  not 
considered  significant  to  warrant  immediate  remedial  action.  However,  it  is 
recommended  that,  as  soon  as  practical,  the  ernriesi  .irons  of  the  upstream  face 
of  the  dam  be  restored  and  some  durable  form  of  pioliep  ion  he  provid-d  in 
order  to  prevent  future  erosion. 


-SECTION  .'4  -  OPEI^ATIOW!  Pl^Or.i'DURF'.; 


h.l  PROCEDURES 


The  spillways  are  uncontrol  leii.  The  lake  surface  level  is  gove>'neij  hv 
precipitation  runoff,  evaporation,  seepaye,  and  tlie  cipacities  of  t!iu 
Lincontrolled  spillways. 

A. 2  MAINTENANCE  OP  0AM 


According  to  James  E.  LaP'iant,  Ranger  and  i:am(i  caretaker,  tne  dam  receives 
some  maintenance,  such  as  periodic  cutting  of  the  grass  on  the  darn  crest 
through  the  growing  season  and  the  remov'il,  about  T  years  ago,  of  the  large- 
trees  from  the  downstream  face  of  the  dam.  Mr.  l.aPl ant  also  reported  that 
groundhog  holes  exist  in  the  downstre<am  face  of  the  unj  that  several 
holes,  believed  to  be  muskrat  burrows,  hove  heen  observed  along  tiie  upstream 
face  of  the  dam.  According  to  Mr.  LaPlant,  trie  ifiin  been  experiencing 
erosion  problems  along  the  upstn^am  face  of  tiiij  embankment  for  a  number  of 
years,  and  the  eroded  area  within  tli.e  emergency  spillway  outlet  channel 
occurred  from  stormwater  runoff. 

A. 3  MAINTENANCE  OF  OUTLET  OPERAriNO  PACiLl IlES 

With  the  exception  of  ti'e  v  d. v  on  the  hik.'  drawdown  pipe,  no  outlet 
facilities  requiring  operatioi’  I'x's;.  a'  Ibis  d.im. 

A. A  DESCRIPTION  OF  ANY  WARNINd  SYSHM  IN  EFFECT 

The  inspection  did  no!  rav''^!  I'm  i  .ii-nr"  ot  dim  failure  warning 
system. 

A. 5  EVALUATION 


It  is  recommended  tlrat  run  i ntrnrmce  nf  Mie  u'.i.'ii  il  .n  includr?  (ir  riudii' 
cutting  of  grass  on  the  down'd  roam  face  of  tt>'  d.am,  r.-atoration  of  I  he  ,lan 
along  the  upstream  face,  and  (provision  of  a  suitable  form  of  protection  (not 
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grass)  along  the  upstream  slope  in  order  to  prevent  erosion  by  wave  action  or 
by  fluctuations  of  the  lake  level.  Steps  shnuld  he  taken  to  rid  the  dam  of 
burrowing  animals  as  well  as  the  dense  undergrowth  that  conceals  their 
burrows.  Provision  should  also  be  taken  to  restore  the  eroded  areas  of  the 
emergency  spillway  outlet  channel  and  to  provide  some  durable  form  of 
protection  to  prevent  future  erosion  of  the  channel  hy  spillway  flows  or 
overland  drainage.  Trees  on  the  dam  should  ln'  rennaved  since  tree  roots,  as 
well  as  animal  burrows,  can  provide  passageways  for  lake  seepaae  that  can  lead 
to  a  piping  condition  and  failure  of  tfie  da.rn.  It  is  also  i •■cnmniendei !  that  a 
detailed  inspection  of  the  dam  he  instituted  nn  a  regular  basis  hy  an  engineer 
experienced  in  the  design  and  construction  of  dams  and  that  records  he  kept  of 
all  inspections  made  and  remedial  measures  taken. 

I 


st-.i.'i  icirj  s  ~  HYiJii/u.ii  nr;! 

5.1  EVALUATION  OF  FLAIURrS 

a.  Design  Data.  Design  nnl  .ivii  i  ■.■M 

b.  Experience  Data.  The  drainago  nr'-a  and  laki;  scrFace  area  were 
developed  from  the  1954  USDS  ilerculani'um,  Mis'..aiii  1 ,  Quaiirangle  Map 
(photorevised  1968  and  1974).  The  prnpiDrt  inn-,  .ind  dimi'nsiofY'.  of  the  spillways 
and  dam  were  developed  from  surveys  made  durinii  the  inspection.  Records  of 
rainfall,  streamflow  or  flood  data  for  the  waster-shed  are  not  available. 

Due  to  the  fact  that  the  watershed  for  tlii-'.  re5',ervoir  is  small  and  since 
there  is  no  history  of  excessive  reservoir  leakagt!  that  would  adversely  affect 
the  normal  operating  level  of  the  lake,  the  lake  level  was  assumed  to  he  at 
normal  pool  as  a  result  of  antecedent  storms  prior  to  occurrence  of  the  PMF 
and  the  probabilistic  storm. 

According  to  the  St.  Louis  District,  Corjis  of  Engineijrs,  the  ir.>timat.i.'d 
flood  damage  .!one,  should  failure  of  th.>  dam  occur,  I'xtiMids  one  mile 
downstream  of  the  dam. 

c .  Visual  Observ a t i oii-^ . 

1.  Ttie  principal  spillway,  a  48-ineli  -..guare  r'.' i nforceg  eanerete 
drop  inlet  with  a  concrete  hackwall,  is  located  nea--  tlr-  riglit,  or  south, 
abutment  of  the  dam.  The  drop  inlet  is  ahouL  8.9  feet  deep.  A  reinforcing 
bar  grating  with  a  six- inch  mesh  ovim'  the  top  of  the  inlet  serves  .r'  a  tra-di 
screen.  (Due  to  the  fact  that  the  camp  property,  including  the  dam,  is 
maintained  by  a  full  time  caretaker  that  resides  on  the  premises,  anri  since 
there  is  no  history  of  clogging  of  the  trash  screen,  no  allowance  in  capacity 
for  blockage  of  the  principal  spillway  by  lake  carried  debris  was  made.) 

2.  A  48-inch  corruvgateii  metal  pipe  extends  from  the  drop  inlet  to  a 
concrete  headwall  about  31  fei't  downstream  of  the  centerline  of  the  dam.  The 
outlet  channel  extends  about  63  feet  beyond  the  iieadwal I  and  terminates  in  an 
abrupt  drop. 
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3.  The  emergency  spiJlway,  an  excavut'^c!  earth,  broad-crested 
trapezoidal  section,  is  located  in  the  hillsiile  jf  the  left,  or  north, 
abutment.  This  spillway  has  a  vegetative  type  ot  i;nvr>r. 

4.  Ttie  emergency  spillway  ontl-d;  ,  a  shaMow  '/-'-.ect  ion , 

extends  southwardly  adjacent  to  the  downs-treaip  ‘np  et  tpie  ilam  and  joins  ttic 
original  stream  channel  about  40  feet  'Inwnstreim  nt  l ' 'lam. 

d.  Overtopping  Potential  .  The  spnllway;  e  im  ■  i  ii  i !  nius  piii'.‘’'g,.n(,' / 1  or" 
inadequate  to  pass  the  pi'nh.alrle  maxiniu")  flniil  '//'thMit  ■)■,' m-‘,  i);ip  i  m]  th"  d  api. 

The  spillways  are  considered  inr.tpaide  of  passiivi  mvv-haJf  the  (ireijahle 
maximum  flood  witlanuqli  significant  degradation  -d  thin  iM.i'.Tgi.'iicy  'gillwov  err’d, 
by  lake  outflow.  The  spillways  are  adequate,  however,  to  pass  the  1  p-rcei'’t 
chance  (iOO-year  frequency)  flood  without  over topp j nr)  tfr!  dam.  Tlie  results  rif 
the  dam  overtopping  analysis  ru'rr  as  follows: 

(Note:  The  data  appearing  in  the  following  taP.lo  ha:s  been  extracted  from  the 
cai.nuter  output  data  appearing  in  Appernlix  0.  necimal  values  have  been 
rounded  to  the  nearest  one-tenth  in  order  to  prevent  assumption  of  unwarranted 
accuracy . ) 


Max.  Of.’pth  (Ft.) 

of  Flow  over 

Duration  of 

Ratio 
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Max.  hake 
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Flood 

E  le vat  ion 
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effective  fop  of  Jam 

eleval ino. 

With  the  lake 

level  at  elipvatiofi 

478.8,  the 

peak  velocity  of  lake 

nu  t  f 1 ow 

within  the  emergency  spillway  is  h.O  feet  per  second,  and  tlie  assumed 
permissible  (non-erosive)  velocity  of  3.0  feet  P'T  second  is  exceeded  for 
approximcatel  y  0.9  hour,  which  is  considered  acceptable.  The  maximun  flow 


safely  passing  the  spillway  jus*  prinr  to  th"  ’  f-;!:  l-.-vel  reaching  the 
effective  top  of  riam  elevation,  w.is  f)i‘!i‘rmin“i  In  he  .ipijroA  im.it "]  y  /id'i  hs, 
which  is  the  routed  outflow  cnrrespnnili ng  t.o  ahou!  'i.'  pm-is-nt  of  the  iirnliahli- 
maximum  flood  inflow. 

e.  Evaluation.  Experience  w.th  emhanhmeo!  ■,  ..'on:..t  ructed  r)f  simi'ro 
material  (a  lean  clay  of  medium  plasticity)  to  that  u‘-.ed  tn  construct  this  dam 
have  shown  evidence  ttiat  the  material,  ur/'er  oertain  conditions  such  as  high 
velocity  flow,  can  be  very  erodible.  Sucli  a  coniiitinti  exists,  durinij  tin’  IMF 
when  large  lake  outflow,  accompanied  liy  high  flow  velocities,  occurs.  For  ttie 
PME  condition,  both  the  effective  top  of  d.am  (elevation  a  78  8)  and  the  actual 
top  of  dam  (elevation  A79.8)  were  found  to  he  ov<jrl  opiis’ t .  For  tlie  one -half 
PMF  condition,  only  the  effective  top  of  dam  was  foufn!  !o  f)e  exceeded.  Damage 
by  erosion  of  the  dam  and/or  emergency  spillway  is  expected  iluriiv)  oc'cunence 
of  the  one-half  F’MF  and  PMF  events,  ihe  (!xtent  of  ths’se  damages  is  not 
predictable  within  the  scope  of  these  investigations;  however,  tner-^  is  a 
possibility,  particularly  during  tlie  PMF,  (hat  they  cuuM  result;  in  failure  by 
erosion  of  tlie  dam. 

f.  Reference .  Procedures  and  data  for  det'T.ninino  ‘he  proha'Oie  maximum 

flood,  the  lOO-year  frequency  fhmd,  and  !nc  discii.i-o,'  r.|!  hig  for  flow 

passing  the  spillways  and  dam  cr-e-t  ai,'  pri''U'nted  on  p  •.  ic  :,  -‘-i  through  of 
the  Appendix.  Listings  of  thr-  iltf'-l  (ham  daf'-tv  yiM-'.h'.n)  input  data  fur  hotli 
the  probable  maximum  flood  and  I  lie  I0(i-y‘:ar  frciiui'ni'y  flund  ar*  shown  on  parjes 
3-74  througti  B-6.  Cemputer  ajtpul  data,  ificluding  unil  hy  b'ugraph  nisj)  nat  , 
tabulation  of  PMF  rainfall,  Ins-',  and  inflow  data  are  ''.hnwn  on  pages  h-7 
througti  B-10;  tabulation  of  lake  surface  area,  elevation  and  storaij'!  volaae 
is  shown  on  page  B-11  and  tabulations  titled  "Summar-y  of  Dam  Safety  Analysis" 
for  the  PMF  and  1  percent  chance  (inO-ynar  frequency)  florid  are  also  shown  on 
page  B-11 . 
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6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  ohservaliofis  of  conditions  which 
adversely  affect  the  structural  stnhility  of  the  are  discussed  in  Section 
3,  paragraph  3.1c. 

b.  Desigri  and  Construt't  jiMi  Data.  With  Uv-  exception  nf  tlm  test  horing 
logs  shown  on  the  construction  plan'-.,  rerer-'cnce  Plate  6,  no  design  nr 
construction  data  relating  tn  the  ‘.troetural  staiiility  nf  the  dam  were 
available.  Seepage  and  stability  arialyses.  cninpiarahle  tn  the  requirements  of 
the  "Recommended  Guidelines  fnr  Safety  Trispectinn  nf  Oams”  were  not  ivailahle, 
which  is  considered  a  def  i e is'i my  .  iiicse  si-eiiaoe  ,ind  stri^i i  1  i  t y  anilyscs  '-.hoiilrl 
be  performed  for  appropriate^  loailini  eonditinns  ( •' ne  1  ud i nc)  leirtl'iquakr’  livnd  0 
and  made  a  matter  of  record. 

c.  Operating  Records.  Except  for  ttie  vaive  on  the  lake  rlrawdown  pipe, 
no  appurtenant  structuj-es  or  facilities  requiring  np^ration  exist  jt  this 
dam.  According  to  Mr.  James  E.  LaPlant,  Ranqr'r  and  eamp  caretaker,  no  records 
of  the  lake  level,  spillway  discharge,  dam  settli'inent,  nr  lake  sfrapage  anj 
kept . 

d.  Post  Construction  Chanc}es.  As  previously  stated,  the  flam  wa'i 
originally  constructed  sometime  about  193S  and  r.aised  approximately  10  feet  to 
its  present  height  in  1969.  ilie  existing  ilrop  inlet.  ■-.()!  llway  and  emi'rgency 
spillway  were  provided  when  the  dam  was  r.aised.  Accoi'dinq  to  Mr.  LaPlant,  no 
post  construction  ctianges  have  been  made  or  tiave  nccureri  siriee  1V6P  whicti 
would  affect  ttir^  structijral  stability  nf  the  d.im.  A  pnssihle  exception  is  tlie 
erosion  that  tias  occurred  along  the  nps.tre.im  face  of  the  dam. 

Sei  smir  Stall  i  1  i  ty  .  Tlie  il.'im  i-;  loc  iti-l  willelu  .t  /nni*  !I  '-.''i -.mi  r 
probability  aiea.  An  earthquake  of  the  inaqnitnfle  tiiat  might  occm  in  tt-iis 
area  would  not  he  expected  tti  l■aM''.l■  '.troctiir.il  itimaiie  to  a  W'  ll  roiv.t  oK'le't 
earthen  dam  of  this  si/e  provided  tiiat  st.itie  staiiilitv  cofidi  t  ion'i  are 
satisfactory  and  conventional  '..ifely  margins  exist,  llowevei',  it  i'. 


recommended  that  the  prescrihcil  ■■'.ei  sinir  Inncfiivi  h)]  thi',  /nno  he  npplieii  in 
any  stability  analyses  performed  for  this  dam. 
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SIX  r  [ON  7  -  AS'>I 'iSM:  Ml 


M!  AMIRI 


7.1  DAM  ASSESSMKNT 

a.  Safety .  A  hyrirauli'";  inalysi-,  indi' A  ■■■l  A  s|)i  i  1  w:)'.'"-,  i 
capable  of  passing  lake  nutfiow  of  about  b.,''  Ms  AMihrut  Lho  love’  n’  f'v'  laki' 
exceeding  the  low  point  in  the  top  of  the  itain.  A  by'lmlogic  analysis  of  tne 
lake  watersh(;d  area,  as  discussovi  in  Section  s,  |j  u a  i.-apli  S.ld,  indicates  that 
for  stoi'iii  runoff  of  ono-fial  f  jirohnhle  maximum  flood  fnagnitiide,  ttie  rocnini’',  ."orieil 
spillway  design  flood,  the  lake  outflow  would  he  about  cfs,  and  that  for 
the  1  percent  chance  (lon-yisar  frequency)  flond,  the  lakr>  outflow  would  he 
abait  133  cfs. 

Seepage  and  stability  analyses  of  tlm  itam  were  iv^t  availahh’  fur  review, 
and  therefore,  no  Judgment  could  he  made  with  respis't  to  the  structural 
stability  of  the  dam. 

Several  items  were  noticed  during  the  in<.pertinn  that  could  adversely 
affect  the  safety  of  the  d.am.  Ihese  it<'ms  im  ludi-  "rosion  of  flu'  upstrirarn 
face  of  the  dam,  trees  and  areas  of  dense  unde  rfirowM'i  on  tfie  downstreaiTi  face 
of  the  e?(nbankment  and  ero''.inn  of  the  emeiaiency  ''.nillway  nutlet.  chaCiOel. 

Animal  burrows  were  nM  ntiscrved  duiinu  'n.'  1 1',!  ■  nt  iou,  hut  th';!'-  iir'sisicr!  w'r', 
indicated  by  Mr.  LaPlanf". .  the  camp  earetnk'>'.  . 

h.  Ade  qua  cy  o  f  I  n  fi  i  rm;  1 1:  i '  rn .  line  In  lar'f  of  de-'.ign  au'l  ci  vdn.'ctioo 
data,  the  arssessment  s  re[)orii>d  htMoin  were  ha'.ed  hirgr-'y  nn  i.'xlerinl 
conditions  as  determined  diirimi  the  visual  inspect. inn.  assi‘';':',Tie( .;,s  ef  trir 

hydrology  of  the  waterstied  and  capacity  of  i  he  spiPways  wi:re  h.iseil  iin  a 
tiydroluqic/hydraul  ic  sfudy  as  imlical.ed  in  'x.'etiiin  'u'lqiage  and  'd:at)i!ify 
analyses  comparable  to  the  requirements  of  "Ri'nommendt'd  huidelines  for  Safety 
Inspection  of  Dams"  wr^re  not.  .aval  lahte,  witic'h  is  considcn.’rt  a  defic!'''ncy. 

c.  Urgency .  The’  remedial  mrsasures  leenmtnended  in  paraqrapti  7.7  frir  the 
items  concerning  the  Srafs'ty  nf  the  dam,  nntsrt  in  paragraph  7.1a  shriuld  he 
accomplished  wittiin  ttn.'  nreir  future.  Restur-i!  inn  and  protection  of  the 
upstream  face  of  ttie  dam  sliiiuld  t^e  a'lsiiiiv’d  a  liigh  priority. 


d.  Necessity  fur  Plia^U^  11.  eii  ''u'  :  ut  'hr-  i 

inspectiofi,  a  Ptiase  II  i nvest  ici.i*  ion  is  not  ifninonil. 'H. 

e.  Seismic'  Stability.  Ihe  dam  i  .  lival-'i!  .vit'iir;  a  /nin’  11  a ;  i  am  i  c 
probability  area.  An  earthquake  of  ttie  manniinde  tliat  miqiit  ner.ir  in  Ihis 
area  wcxild  mt  he  expect  ed  to  causi>  'd  ructii'Ml  ilam  uje  to  a  w-;ll  ecKislructed 
earthen  dam  of  this  si.’e  provided  ttiat  static  ■-,!  a!>  i  I  i  t enni!  i  t  ion  ;  are 
satisfactory  and  ci^nvcnt innnl  ■.afid.v  ina''nins  exi  ,t.  hnwv’r,  it  is 
recanmended  that  the  prescribed  si^ismic  Inidinq  hi''  thi  ;  .^I'oe  tie  appli^'d  in 
any  stability  analyses  pi^rfoi'med  for  this  ilam. 

7.2  REMRDIAL  MEASURES 

a.  Recommendations,  Ttie  kallnwinq  ai't  inn  i  rei-nmsi.'ndei! : 

(1)  Provide  a  duratili'  form  of  ni'ote 't  n.,.,  .e,  pp,.  I'nv']  pency  '.pi  liway 
in  order  to  prevent  erosion  of  Llm  •'.piltwav  i>v  I  ako  nil  flow  n'sul  t  i  nq  from  a 
storm  of  one-half  prohahle  maxicinm  I'lood  mao'i  i  t  ods',  ttm  recommended  'piillwav 
design  flood  for  tliis  d.im. 

(2l  Obtain  tlie  lu'ces'Cirv  soil  data  .>nd  O'-rrcrm  d.am  seii|raqe  and 
stability  an.alyses  in  order  tn  dct l•I•:nine  the.  st’oetora!  stability  of  l.li'’  l.rii 
for  all  operational  conditions.  Seepa.ii'  .ind  'd  I'd',  ity  aii.ilyso';  sliould  !n' 
performed  by  a  qualified  [irofi".-;  ional  I'nqine-'r  "xpi'>r  hmci'd  in  tlm  deiiqii  and 
construction  of  earthen  dams. 

b.  Operations  and  Ma i ntenaoi-e  (n_.\  M)  j’roc-e., hires.  The  followinq  d  .'x  M 
procedures  are  recanmended: 

(1)  Restore  the  erodotl  areas  of  the  up'.tream  face  of  the  darn  and 
provid'.’  sane  form  of  prntertion,  otlmr  I  han  qra'i'.,  in  ordei'  to  prevent  future 
erosion  of  the  embankment  hv  wavv’  act  inn  or  !'y  flurtuatinns  of  tho  hake 
level.  Loss  of  embankment  material  doc  to  ero-doo  can  impair  the  sti'octur.il 
stability  of  the  dam. 


(2)  Remove  the  tree'.;  and  the  undergrowth  that  c.in  eonceal  animal 
burrows  from  the  downstream  face  of  the  dam.  Rid  the  dam  of  burrowinq  animals 
and  restore  the  dam  at  all  holes  with  enmpacted  impervious  materia!  (clay). 
Tree  roots  and  animal  burrows  can  provide  pasiaqew.ay s  for  lake  seepage  that 
can  develop  into  a  piping  condition  (progressive  internal  erosion)  which  can 
lead  to  failure  of  the  dam. 

(3)  Restore  tlni  eroded  area  of  tlie  emergency  spillway  outlet  channel 
and  provi'de  some  durable  form  of  protection  to  prevent  future  erosion  hy  lake 
outflow  and/or  storm  water  runoff.  Althoucih  not  C'jnsiderod  serious  enougli  at 
this  time  to  jeopardi^’c  the  stability  of  the  dam,  it  is  possible  that: 
contirued  erosion  of  the  channel  could  affect  the  dam  and  allow  spillway 
releases  and/or  overland  drainage  to  encroacii  upon  tiv  dam,  resulting  in  loss 
of  embankrrent  material  hy  erosion  and  cnnditinns  unfavoi-ihle  to  the  s'  ihility 
of  the  dam. 

(A)  Provide  moi  nlennru'e  of  all  orea''.  of  tlic'  taiii  on  o.  ''egularly 
scheduled  basis  in  order  to  insui'e  featun's  of  'ii->inn  in  s  it  i sfa 'tory 
operational  condition. 

(3)  A  detalL’d  inspection  of  '  tm  dm  -.hiul  1  ii'  i  is  t  i  t  •  it  i'' !  ei  i  ,i 
regular  basis  by  an  engineer  ecp-Tier-.- --d  in  thr  d  '  -.ion  aoit  cnns!,ru''t  inn  -if 
dams.  It  is  also  recommended,  for  future  rePT.'i'ce ,  ’'ccnr  is  h'-'  ta'nt.  if 

all  inspections  rnadi’  and  remedial  m  ■■.is  i taken. 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSLS 


HYDUdl  Hill  '  AMO  HY!)f^Al)l  I  "  OMi ’UTAT IHN'  , 


1.  The  HEC-1  Dim  S.frctv  VersAin  '  Jii!y  Moiiii'h'h  Ff.'h’UHry 

program  was  used  to  develop  inTlow  an'-]  oi.ilflnw  hydi'iniraphs  aofi  dam  laveit.nppi ng 
analyses,  with  hydrologic  inputs  as  follow.; 

a.  Probable  maximum  precipitation  (700  sg.  mile,  'Vi_hour  value  equals 
2b. 7  inches)  from  Hyilrnmeteomlogical  Re|.iort  No.  TT.  ria^ 
precipitation  data  u‘'.ed  in  the  analysis  of  liic  1  preocut  (lOh-year 
freguency)  flood  was  provided  !iy  tfie  At.  Lo'iis  Oistrict,  ^'orps  of 
Engineers. 

b.  Drainage  area  -  0.14A  square  mile<,  -  pt  acres. 


c.  SCS  parameters; 

Time  of  Concentration  (T,,!  ■-  r  O.hP?  tiours 

'■  II 


Where;  T^  Travel  I’imt!  of  wafer  f  r  xn  hydraulically  tnnst 
distant  |)nint  to  poiol,  of  infen-st,  Pours 
L  =  Length  of  longest  wal-u'enurse  ri.JlT  miles 
H  =  Elevation  difference  1  BO  feel 


The  time  of  concentration  ( J  was  obtained  using  Methoi!  C  a'-, 
described  in  figure  '^0,  "nesign  of  Small  hams",  by  the  IJnirud  Stages 
Department  of  the  Interior,  nureau  of  Per  1  ama' inn ,  and  wts  veri  fieri 
using  average  channel  velnr-ity  estimate';  a'ld  wa  I  iM'cn  ir';e  length';. 


Lag  timto  -  D.iV'S  hours  (h.AiT  h-'l 

Hydrologic  Soil  Group  -  1  Dfls  0  (ua';enriad"  b"’  n.r',  wuod'^d,  n.a 

rn'Milow  p'T  Mi'.'.mui  it'or'ril  boil  Man  ani 
f  i  el  li  i  rives  1  i  (la  t  i  onl 

Soil  type  CN  7P,  (AMP  IT,  im-yr  fin. ad) 

-  '"'n  ( AMP  III,  IMf  rend:  '  i-MiI 


I 

i 


2.  Spillway  releases  for  the  drop  Inlet  spillway  enmputed  utili7'iii^ 

equations  and  nomographs  presenteil  in  "rj'’sign  of  Siniil  [Jams"  hy  the  U.  S. 
Department  of  the  Interior  (USDI)  for  drop  inlet  type  spillways.  Flow  has 
access  to  three  sides  of  the  ''18-inch  square  drei)  inlet;  tlio  fnorth  side 
consists  of  a  backwall  adjacent  to  the  upstream  fane  of  thr;  dam.  The  spillway 
crest  length  was  converted  to  an  equivalent  circular  length  and  corresponding 
radius  for  entry  into  the  flow  nomograph  parametei .  The  rise  of  the  nappe 
above  the  elevation  of  the  crest  lip  was  coosid'^red  negligihle.  The  following 
equation  was  used  for  crest  control ; 

0  =  C  I?  )T  d.  1 
0  '  s  o 

where  "C^  is  a  coefficient  obtained  from  Figu-'e  28^  of  ttie  above  reference, 
expressed  in  terms  of  "R^^"  is  the  eoulvalent  radius  of  the 

spillway  crest,  1.91  feet,  e'lri  is  the  deptij  nf  flow  over  the  crest. 

When  the  ratio  H  /R  rnocijed  a  vilue  o'"  l.'iO,  ■'iflow  was  •!eto;rmiM"d  jv/ 

0  s 

assuming  flow  was  over  a  rhaTT'  edo<>  u  ihm‘''OT'd  -irifiro.  The  fnllnwhig  '  is' I'V  ' '-n 

n  ‘j 

was  used;  Q  -  Ca  (fgh)  '  ,  whorn  "  i  -,  .1  ' f  riss'i.'n.’  i  f  i  i'o  o.e, 

"a"  is  the  area  of  the  orifu:'’,  I'l.n  p\  "c"  iv  !,hn  he'oht  of  Tin^  n'mve  too 
orifice,  and  "g"  is  aceeler,:l  ion  ilu'-  'n  cj-ivilv.  Rf  r..,  "H.tndhrioS  'f 
Hydraulics",  Fifth  Fdi^inn,  by  Kiivi  t 

Flow  through  the  'j8-incti  di.rinet-'r  outlot  ;)ipe  was  rletermined  u^ing 
Bernoulli's  equation  for  piressure  flew  in  jiipes.  tnsses,  including  entrani-n, 
turn,  pipe  and  exit  losses  Intaleri  ?.n7  velocity  heads.  Reference  "Hamihooh 
of  Hydraulics",  Fifth  Filitiiin,  hy  Fing  h  Brat';'',  paries  8-5  and  8-6. 

Discharge  riuantities,  d'"'t'umi rv-d  hy  the  m'ddinrls  dnscriti'-d  lie.'eun,  wiu" 
plotted  versus  correspon  iinn  lakr’  wat''r  s  iriSnce  i-Hevations  to  lietei'mini'  thr 
discharge  rating  curve  for  Mie  drof)  inlet  '.pillway. 

5.  The  emergency  spillway  sc'd ‘on  c'nn--,ists  nf  .1  hrnad -'T'  ■ ,  *  i>rl , 
trape.^oidal  section  for  whieti  rrinveot  inn.i'  wru:  fnr'nnla',  do  nid.  ipidy. 

hpillway  release  ra^'-s  wnro  IntcTiiinnil  fnlhiw,: 


a.  Spillway  crest  seel  icn  properties  (ai'e-is,  "a",  lod  top  w:  its,  "t" 
were  computed  tor  varinus  depths,  "d". 

ti.  It  was  assumed  thrd  tiow  'iv"'  th'-  sDi'iw.iy  'T'-st;  would  iiou'  oL 
critical  depth.  Flow  at  critical  ilepth  v/as  cunipi.jt‘’d  as 
O.S 

Qc  =  (-.y.ii)  for  Ute  various  depti'.s,  "d".  Cor i'es|jniad; nn 
velocities  (v  ''  arni  vehaeitv  heads  (ti  1  weria  determini.Mi 

C  VC 

using  conventional  formulas.*  Rr’ference,  "handbook  of 
Hydraulics",  Fifth  Fdition,  hy  King  ti  hrater,  page  8-7. 

c.  Static  lake  levels  corresponding  to  t!ae  various  values  passing 
the  spillway  were  computed  as  critical  deptiis  plus  critical 
velocity  heads  rsdatinnship  between  lake 

level  and  spillway  discharge  was  th!)-,  obtained,  Ttie  procedure 
neglects  the  minor  insigni ficant  friction  los'ics  across  tiie 
length  of  the  r.pi’lwav, 

i.  The  (1i  :ichar(ic'.  liir  lor'  I'rinripal  anrl  erre  ■  rgeocy  sfiillwavs  for 
erjual  elevations  were  summated  for  col  rv  on  t'o'  Y'l  and  Y'l  card-.. 

n.  The  priori  Ic  rd'  'hi,'  I'lm  >■.  '■■'•■uu:  ir  .-md  flaw  'iv”  lac  d  f’" 

car*int  be  detenninraj  hv  aripl  ic  d  iofi  at  icmv  •'* 'ocol  w"'''  farmuFis.  ■  >'d 
lengths  and  elevation  data  foi-  the  d.m  io  >'d  p!'.'iie;  ept.-O'd  in'o  !'v 

HEC-l  PT'ogram  on  the  tl  and  i-V  card'  .  Ihi-  ."'ro  pM'ii  I'.suiiV'S  I’vC  fUiw  o'.' e 
the  dam  crest  section  p('(ui'.  at  cri'ii'al  d''iil*'i  lud  l■•i'.lnput  cs  int.o'oallv 
the  flow  passioQ  tlie  itain  roe'd,  and  'idd--.  this  'Ir'w  fhiw  (ri,,’’io,  \'tc 

spillway  as  entered  no  the  Y-'i  and  Y'-  card'.. 
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